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DETAILED ACTION 
Information Disclosure Statement 

1 . The listing of references in the specification is not a proper information disclosure 
statement. 37 CFR 1.98(b) requires a list of all patents, publications, or other 
information submitted for consideration by the Office, and MPEP § 609.04(a) states, 
"the list may not be incorporated into the specification but must be submitted in a 
separate paper." Therefore, unless the references have been cited by the examiner on 
form PTO-892, they have not been considered. 

Specification 

2. The disclosure is objected to because of the following informalities: on page 4, 
line 28, "spattering" should be -sputtering-; on page 5, lines 2 and 4, "floure" should be 
-fluorine-; on page 10, line 20, "tantalum (Ti)" should be -tantalum (Ta)-. 

Appropriate correction is required. 

3. This application does not contain an abstract of the disclosure as required by 37 
CFR 1.72(b). An abstract on a separate sheet is required. 

Claim Objections 

4. Claims 3 and 13 are objected to because of the following informalities: the term 
"in place of should be deleted because ALD recited in claim 1 and claim 10 is 
considered broader than PEALD recited in claims 3 and 13 respectively; if not (see 
MPEP 608.01 (n), III. Infringement Test), applicant is required to cancel the claim(s), or 
amend the claim(s) to place the claim(s) in proper dependent form, or rewrite the 
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claim(s) in independent form. Appropriate correction is required. It is suggested that the 
whole claim is changed to -the method of claim 1 (or 10), wherein said atomic layer 
deposition method is a plasma-enhanced atomic layer deposition (PEALD) method--. 

5. Claim 8 is objected to under 37 CFR 1 .75(c), as being of improper dependent 
form for failing to further limit the subject matter of a previous claim. Applicant is 
required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper 
dependent form, or rewrite the claim(s) in independent form. The limitation of "rhenium 
(Re) or rhenium alloy" is already recited by the limitation of "ruthenium (Ru) or rhenium 
(Re) or their alloys" in claim 1 . 

6. Claim 18 is objected to under 37 CFR 1 .75(c), as being of improper dependent 
form for failing to further limit the subject matter of a previous claim. Applicant is 
required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper 
dependent form, or rewrite the claim(s) in independent form. The limitation of "ruthenium 
(Ru) or ruthenium alloys" recited in claim 10 cannot be changed to another limitation by 
use of "rhenium (Re) or rhenium alloys are used in place of ruthenium (Ru) or ruthenium 
alloys" in claim 18 (see MPEP 608.01 (n), III. Infringement Test). 

Claim Rejections - 35 USC § 112 

7. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

8. Claim 20 is rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. The limitation "forming an adhesion layer on said barrier layer 
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using ruthenium (Ru) or ruthenium alloys by using an atomic layer deposition method" 
recited in claim 10 being changed to "in place of ruthenium (Ru) or ruthenium alloys, 
one of the materials including nickel (Ni), platinum (Pt), osmium (Os), iridium (Ir) or their 
alloys of said each metal is used for forming a barrier layer " in claim 20 creates 
ambiguous. One of ordinary skilled in the art could not decide what materials are used 
for what functions. It is suggested that "in place of ruthenium (Ru) and ruthenium 
alloys," is deleted to recite the materials considering the barrier layer only and to get rid 
of the ambiguousness. 

Claim Rejections - 35 USC § 102 

9. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed 
publication in this or a foreign country, before the invention thereof by the applicant for a patent. 

10. Claims 10-11, 14 and 16-18 are rejected under 35 U.S.C. 102(a) as being 
anticipated by Soininen et al. US 6,482,740 B2. 

Re claim 10, the Soininen et al. reference discloses in fig. 1 a method for forming 
copper interconnect comprising: forming a barrier layer 14 on the surface of a patterned 
insulation layer 6/8/10/12 on a substrate 2/4; forming an adhesion layer 16 on said 
barrier layer using ruthenium or ruthenium alloys by using an atomic layer deposition 
method; and forming a copper layer of thin film 18 on the surface of said adhesion layer. 

Re claim 1 1 , the barrier layer is TaN. 
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Re claims 14 and 16-17, said copper is formed using CVD method and/or 
electroplating method (col. 3, lines 15-36). 

Re claim 18, rhenium or rhenium alloys can be used (col. 9, lines 54-60 and col. 
11, line 22). 

Claim Rejections - 35 USC § 103 

11. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

12. Claims 1, 4 and 6-8 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Choi US 5,637,533 in combination with Toyoda et al. US 2001/0013617 A1 and 
Soininen et al. US 6,482,740 B2. 

Re claim 1 , the Choi reference discloses "generally, a ruthenium oxide layer 
(Ru0 2 ) is used as a diffusion barrier metal layer in a highly integrated semiconductor 
device above 256M DRAM, and used as a glue layer of a metal wiring formed of 
aluminum, tungsten or copper", "in case where the ruthenium oxide layer is formed by 
the CVD method, impurities are introduced into the ruthenium oxide layer. This 
increases the resistance value of the layer. In case that PVD is used, the step coverage 
of the ruthenium oxide layer is poor, and a silicide layer may be formed". 

The Choi reference uses an oxide of ruthenium, does not use ALD method. 
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The Tovoda et al. reference discloses in [0138] "ruthenium is known to be 
effective as a diffusion barrier (barrier film) against copper... the thermal diffusion of 
copper into the interlayer insulating film can be prevented". 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to provide the Choi's method with known ruthenium barrier as taught by 
Toyoda et al. because the ruthenium of Toyoda et al. would provide the device made by 
the method of Choi with prevention of thermal diffusion of copper into the interlayer 
insulating film. 

The Soininen et al. reference discloses "the manufacture of conductive thin films, 
preferably comprising one or more of the following elements: rhenium (re claim 8), 
ruthenium, osmium ... iridium, nickel ... platinum ...a metal oxide layer by an ALD type 
process and essentially converting the metal oxide into an elemental metal to provide 
sufficient conductive for the thin film. A surprising finding related to the present invention 
is that the film has very good adhesion to the substrate, even after a reduction step" 
(col. 5, lines 5-25). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to provide the method/materials of the combination of Choi and Toyoda et al. 
with depositing by ALD method for the combination (and a further step of reduction for 
Choi's material) as taught by Soininen et al. because the method/materials of Soininen 
et al. would convert the ruthenium oxide layer into ruthenium element metal and/or 
provide the combination with sufficient conductive for the thin film (Soininen et al.'s 
rhenium) and good adhesion. 
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Re claims 4 and 6-7, the Soininen et al. reference discloses further said copper is 
formed using CVD method and/or electroplating method (col. 3, lines 15-36). 

13. Claims 2-3, 5 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over the above combination as applied to claims 1 , 4 and 6-8 above, and further in view 
of Kim et al. US 6,936,535 B2, Koh et al. US 6,720,262 B2 and the following. 

The combination of Choi with Toyoda et al. and Soininen et al. discloses 
substantially all of the instant invention but lacks the atomic ratio of ruthenium or 
rhenium, PEALD and iodine as a catalyst for copper CVD. 

The Kim et al. reference discloses "the reactive metal layer may also be 
deposited by any method known in the art, such as by PVD, CVD, ALD or plasma 
enhanced ALD (PEALD) processes" (col. 10, lines 24-26). 

The Koh et al. reference discloses "in a first aspect of the present invention, a 
method of using iodine or bromine as a catalyst in conjunction with a copper CVD 
method in filling trenches, via holes and contacts without creating undesirable pinch-offs 
and voids is disclosed and presented" (col. 2 lines 45-53). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to provide the method of the combination with known PEALD and iodine as a 
catalyst in conjunction with a copper CVD because plasma enhanced ALD would 
provide the method with lower temperature process and iodine as a catalyst in 
conjunction with a copper CVD would provide the method without creating undesirable 
pinch-offs and voids. 
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Choice of ratio of elements would have been a matter of routine optimization 
because ratio of elements is known to affect device properties and would depend on the 
desired device density on the finished wafer and the desired device characteristics. One 
of ordinary skill in the art would have been led to the recited ratio of elements through 
routine experimentation to achieve desired deposition and reaction rates. 

14. Claims 12-13, 15 and 19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Soininen et al. as applied to claims 10-11, 14 and 16-18 above, and 
further in view of Kim et al. US 6,936,535 B2, Koh et al. US 6,720,262 B2 and the 
following. 

The Soininen et al. discloses substantially all of the instant invention but lacks the 
atomic ratio of ruthenium or rhenium, PEALD and iodine as a catalyst for copper CVD. 

The Kim et al. reference discloses "the reactive metal layer may also be 
deposited by any method known in the art, such as by PVD, CVD, ALD or plasma 
enhanced ALD (PEALD) processes" (col. 10, lines 24-26). 

The Koh et al. reference discloses "in a first aspect of the present invention, a 
method of using iodine or bromine as a catalyst in conjunction with a copper CVD 
method in filling trenches, via holes and contacts without creating undesirable pinch-offs 
and voids is disclosed and presented" (col. 2 lines 45-53). 

It would have been obvious to one of ordinary skill in the art at the time of the 
invention to provide the method of the Soininen et al. with known PEALD and iodine as 
a catalyst in conjunction with a copper CVD because plasma enhanced ALD would 
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provide the method with lower temperature process and iodine as a catalyst in 
conjunction with a copper CVD would provide the method without creating undesirable 
pinch-offs and voids. 

Choice of ratio of elements would have been a matter of routine optimization 
because ratio of elements is known to affect device properties and would depend on the 
desired device density on the finished wafer and the desired device characteristics. One 
of ordinary skill in the art would have been led to the recited ratio of elements through 
routine experimentation to achieve desired deposition and reaction rates. 

Conclusion 

15. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

16. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Thanh V. Pham whose telephone number is 571-272- 
1866. The examiner can normally be reached on M-Th (6:30-5:00). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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